In 2010, a National Laboratory Strategic Plan was set forth in Ethiopia to strengthen laboratory quality systems and set the stage for laboratory accreditation. As a result, the Strengthening Laboratory Management Toward Accreditation (SLMTA) programme was initiated in 45 Ethiopian laboratories.
Introduction
Medical laboratories form the backbone of health systems, as test results are critical for diagnosing diseases, guiding treatment, determining drug resistance and identifying diseases of public health significance through surveillance. 1, 2, 3 An integrated, tiered, functional and sustainable laboratory system is necessary in order to address these health system needs. 4 Despite their importance, laboratories are often under-resourced, resulting in inadequate infrastructure, poorly-trained personnel and lack of standardisation. 1, 2, 5, 6 Likewise, laboratory services in Ethiopia received little attention until recent years. Funds and improved testing technologies were made available to laboratories after the HIV pandemic burdened medical facilities; however, several challenges to implementing laboratory improvement remain, such as the lack of adequately-trained personnel, clearly-defined responsibilities and well-established organisation. 7 In response to these challenges, laboratory assessments were conducted on a national scale within Ethiopia so as to elucidate specific deficiencies; as a result, corrective measures were proposed. Amongst these were milestones of developing the first laboratory strategic plan in 2005 and mandating the Ethiopian Public Health Institute (EPHI) to lead laboratory programmes nationwide. 7 The first laboratory strategic plan (2005 to 2008) was focused primarily on HIV, which accounted for the bulk of both testing and funding. This plan was used as a roadmap for implementing laboratory improvement programmes in Ethiopia. The second strategic plan (2009 to 2013) was developed to encompass integrated laboratory services. 7 However, because of reforms within the Ethiopian health sector, the second strategic plan was revised in 2010 (2010 to 2015), to focus on three goals: establishing and strengthening laboratory quality systems, laboratory capacity building and laboratory accreditation. 8 The Strengthening Laboratory Management Toward Accreditation (SLMTA) programme was selected in order to advance laboratory quality improvement and to expedite the accreditation preparation process.
SLMTA is a task-based, hands-on training programme aimed at effecting tangible laboratory improvements in developing countries. 9 It includes a series of three workshops that are supplemented by assigned improvement projects and supportive site visits or mentoring. 10 To evaluate its effect, an audit is performed before (baseline) and after (exit) SLMTA implementation using the World Health Organization Regional Office for Africa's (WHO AFRO) Stepwise Laboratory Quality Improvement Process Towards Accreditation (SLIPTA) checklist. 11 SLIPTA is an accreditation preparation framework that consists of an incremental recognition system awarding a range of zero to five stars, in contrast to the pass or fail score of traditional accreditation schemes. This stepwise approach recognises where a laboratory stands currently and encourages continual improvement through positive reinforcement by rewarding progress at each step. 3, 4 Laboratories in the public health system of Ethiopia are divided into four tiers: peripheral, hospital, regional reference and national reference laboratories. 7, 12 EPHI has national reference (multi-purpose) and research-only laboratories. Its nine national reference laboratories, each with different specialties, provide research, diagnostic, training and external quality assessment services. As per the administrative hierarchy, the higher-level laboratories support and oversee the next lower-level laboratories. For example, EPHI oversees the 12 regional reference laboratories, which oversee the 135 hospital laboratories, which, in turn, oversee health post/ centre laboratories. However, in the case of new initiatives such as SLMTA, EPHI supports hospital laboratories until the regional reference laboratories are prepared to take over the task. This article evaluates the implementation and impact of the SLMTA programme in 45 laboratories in Ethiopia, as well as the role of supportive site visits and integration of selected improvement projects.
Research methods and design

Participating laboratories
A total of 45 laboratories were enrolled for participation in the SLMTA programme between 2010 and 2012 in order to facilitate quality improvement and to accelerate stepwise accreditation preparation. Laboratories were selected based on tier level, type, testing volume, geographical distribution and the operational area of the four American university-affiliated partners that participated in the audits and supportive site visits. Six national reference laboratories, seven regional reference laboratories and 32 public hospital laboratories were selected. For ease of implementation, laboratories were divided into two cohorts. National and regional laboratories were included in the first cohort from June 2010 to October 2011, along with 11 of the hospital laboratories; the remaining 21 hospital laboratories were included in the second cohort from January 2011 to May 2012 (Table 1 ).
SLMTA implementation
The standard SLMTA model of three workshops was employed. 10 The laboratory manager and quality officer, who are responsible for leading their staff and establishing a sustainable system for quality-assured laboratory services, were invited from each participating laboratory to attend the SLMTA training organised by EPHI in collaboration with the American Society for Clinical Pathology (ASCP). A total of 60 people were trained in each cohort. Trainings were facilitated by graduates of a two-week Training-of-Trainers course conducted by the African Centre for Integrated Laboratory Training in Johannesburg, South Africa, in collaboration with the US Centers for Disease Control and Prevention (CDC). 13
Improvement projects
Improvement projects were assigned based on the common gaps identified during the baseline audit and the components of the quality management system addressed during the specific training. Examples of areas in which improvement projects were conducted include customer satisfaction, external quality assessment, turnaround time and equipment utilisation rate. These improvement projects were expected to be implemented before the next training, or the exit audit in the case of improvement projects following the third workshop. Progress was reported to and monitored by EPHI. Additionally, participants were instructed to identify and assign more improvement projects to other staff members for execution.
Supportive site visits
Supervisors trained in mentorship and supervisory skills were tasked to provide supportive site visits. Visits were scheduled approximately three weeks after each workshop. The plan required supervisors to spend two to three days in each SLMTA-enrolled laboratory. During this time, they conducted a site visit using prepared checklists that specifically focused on assigned improvement projects. For cohort I, the supportive site visits were led by two or three supervisors; one from EPHI, one from an American university-affiliated partner and one (for threeperson teams) from a regional reference laboratory. Supportive site visits for cohort II did not take place as planned. The responsibility for providing supportive site visits was handed over to supervisors from the regional reference laboratories. Because of budget issues, no site visits occurred after the second or third workshop; total site visit time averaged two (range 0 to 24) hours per laboratory.
Measuring improvements
Audits were conducted before (baseline) and after (exit) SLMTA implementation using the SLIPTA checklist. The pool of auditors comprised the experts who had conducted the supportive site visits. Audits were performed over two or three days by a group of two to three individuals who had not conducted supportive site visits or previous audits in the respective laboratory.
The audit checklist is based on 12 quality system components.
Star levels were granted based on total audit scores; one, two, three, four and five stars were awarded for scores reaching 55%, 65%, 75%, 85% and 95%, respectively. One of the first cohort laboratories was unwilling to have an exit audit; thus results are presented for 44 of the 45 laboratories. Audit data were analysed using Microsoft ® Excel 2013. A paired t-test was used to compare baseline and exit results; a t-test for unequal variances was used to compare score changes between the two cohorts (f-test showed unequal variances, p < 0.01). Major success factors and challenges encountered during implementation of SLMTA were identified by focus group discussions.
Results
Overall, for the 44 laboratories that participated in both the baseline and exit audits, there was a 15 percentage point average increase in SLIPTA audit score, with 41% as the average baseline score and 56% the average exit score. For cohort I, average scores increased from 40% at baseline to 58% at exit audit (p < 0.01). The average scores of cohort II increased from 42% at baseline to 53% at exit audit (p < 0.01) ( Figure 1 ).
Baseline scores ranged from 24% to 60% whereas exit scores ranged from 25% to 86%. Forty-two of the 44 laboratories (95%) improved their scores (from < 1 percentage point to 51 percentage points). A higher mean improvement was observed in cohort I laboratories (18 percentage points) compared with cohort II laboratories (11 percentage points), although the difference was of borderline statistical significance (p = 0.07). Five laboratories in cohort I showed an improvement of 30-51 percentage points, whilst no laboratories in cohort II achieved greater than a 30 percentage point improvement. However, decreases were also observed in two laboratories in cohort I ( Table 2) .
During the baseline audit, all laboratories in the first and all but one of the laboratories in the second cohort were at the zero-star level (scored < 55%). At the exit audit, 61% (n = 14/23) of the first and 48% (n = 10/21) of the second cohort laboratories attained one to four stars ( Figure 2) .
Results from the 12 quality system components of the SLIPTA audit checklist are presented in Figure 3 . At both the baseline and exit audits, lower scores were observed for internal audit (6% baseline and 18% exit), occurrence management and process improvement (14% and 29%), corrective action (31% and 41%) and management reviews (32% and 44%). Relatively higher scores were shown in client management and customer service (42% and 59%), organisation and personnel (44% and 59%), information management (58% and 63%) and facilities and safety (51% and 71%). The greatest improvements were seen in the areas of documents and records (32 percentage points), facilities and safety (22 percentage points) and client management and customer service (17 percentage points). Smaller improvements were observed for information management (five percentage points), equipment (six percentage points) and process control and internal and external quality assessment (nine percentage points).
In focus group discussions, laboratory managers and quality officers pointed out several challenges to successful implementation of improvement projects. These challenges included: (1) poor awareness of the programme by upper management and regional health bureaus (i.e., SLMTA was not budgeted); (2) lack of harmonisation with other hospital improvement programmes; (3) inadequate awareness of quality management systems and insufficient commitment amongst non-SLMTA-trained staff; (4) high workload relative to available staff; (5) lack of quality manuals prescribing laboratory policies and procedures; and (6) inadequate supportive site visits. Detailed results from these focus group discussions are reported by Lulie et al. 14
Discussion
Prior to the introduction of SLMTA, several trainings and quality improvement initiatives had been implemented in hospitals and laboratories in Ethiopia, but little improvement was noted. By contrast, Ethiopian public health laboratories achieved remarkable improvements in quality systems after implementation of the SLMTA programme. Similar rapid and tangible improvements resulting from SLMTA training have been reported by other countries. 15, 16 Whilst similar training curricula and improvement projects were given to the two cohorts, a lower level of supportive site visits was administered to the second cohort. Results for the first cohort surpassed that of the second cohort, with nearly twice the improvement. Although not conclusive, these results suggest a positive effect of site visits. Site visits offer an opportunity to assess progress and enforce application of skills learned in the workshops. These visits often involve meetings with upper management and other staff members in order to elicit their support, which in turn motivates the implementers. Our data suggest that supportive site visits were critical with regard to reinforcing the knowledge and motivation offered during the training in order to achieve the expected behavioural changes required for quality improvement. On-site mentorship may also be used in a similar capacity; for example, it was found that after 10 weeks of dedicated on-site mentoring, laboratories in Lesotho demonstrated significant improvements. 15 At baseline, participating laboratories displayed deficient quality management systems in many areas, as evidenced by all but one laboratory earning a zero-star rating. A poor laboratory quality management system facilitates erroneous or delayed results, which in turn can lead to poor or adverse patient outcomes. 17 In Ethiopia, SLMTA implementation, combined with intensive supportive site visits, has proven to be a promising tool for the improvement of quality management systems.
Participating laboratories were found to be weaker in some quality system components than others. Specifically, internal audit, occurrence management and process improvement, corrective action and management reviews scored the lowest at both the baseline and exit audits. Similar results have been reported elsewhere. 16 These weaker components are critical for continuous improvement of the overall quality system. Therefore, focused attention must be paid so that greater and sustainable advancements can be made.
Several barriers to the effective implementation of quality systems were identified during the focus group discussions. For example, an accreditation preparation budget was not included in the annual plans of the regional health bureaus, hospitals or laboratories. This omission prevented adequate supportive site visits for cohort II laboratories. It was also pointed out that promoting the importance of accreditation and the need for improving laboratory quality management systems is necessary for enhancing acceptance and ownership at all levels. Such promotion should be conducted prior to and during SLMTA implementation so as to ensure adequate support throughout the established healthcare structure and management teams. 18 Hospital system and process reforms are underway in public health facilities throughout Ethiopia, with a goal of improving efficiency and effectiveness (i.e., high quality, low cost and rapid services), thereby increasing customer satisfaction. 14, 19, 20 Strengthening laboratory quality management and moving toward accreditation should be considered an integral part of this process. Failure to implement laboratory quality management systems in harmony with other initiatives misses a valuable opportunity and could hinder the pace of progress and long-term sustainability of health system reforms and improvements. 18 At the same time, the lack of laboratory quality manuals, guidelines, policies and procedures that provide clear and concrete directions and instructions posed a challenge during implementation. It was difficult for laboratories to execute quality improvement tasks consistently in the absence of these guiding materials.
Improvements were found to vary significantly amongst laboratories of each cohort; two laboratory exit scores showed a decrease from baseline, whilst the remaining 42 laboratory exit scores reflected an increase of up to 51 percentage points. The challenges identified during the trainings and focus group discussions could be contributing factors for this variation. Further collection and analysis of data throughout the implementation phase could enable programme leaders to identify and redress impeding factors.
Recommendations
Improvements resulting from SLMTA implementation are encouraging and expanding SLMTA to other laboratories may help to improve quality management of laboratories for a better healthcare system. The evaluation suggests that supportive site visits are important for effective implementation of SLMTA and quality management systems. Availing a clear plan of supportive site visits and gaining upper management ownership in participating laboratories is needed in order to obtain the maximum benefit of SLMTA.
Conclusion
Continuous advocacy at all levels of the health system will foster involvement of stakeholders and facilitate the integration of SLMTA with other hospital improvement initiatives, allowing SLMTA to benefit the system on a wider scale. 
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